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ABSTRACT 


A system for attaching an object to a workpiece includ- 
ing an anchor assembly and an installation tool is pro- 
vided. The anchor assembly includes a body and at least 
two barbs. The body has a first portion having a first 
end, a reduced second portion having a second end and 
a middle portion connecting the first and second ends of 
the first and second portions respectively. The barbs 
extend from the first end of the first portion axially and 
radially outwardly to outer ends located radially out- 
wardly of an axial projection of the maximum trans- 
verse cross-section of the first portion. Each barb is 
curved in its normal unstressed state, but is capable of 
being elastically deformed into longitudinal channels in 
the middle portion of the anchor assembly. The anchor 
assembly is deployed in a hole in the workpiece by an 
installation tool which is adapted to receive the reduced 
second portion of the anchor assembly in its distal end. 
The engagement of the second portion of the anchor 
assembly with the installation tool is re-enforced by 
axial projections from the distal end of the installation 
tool engaging indentations in the outer surface of the 
middle portion of the anchor assembly body. The 
method of installation includes the steps of mounting 
the anchor assembly to the distal end of the shaft of the 
tool, aligning the longitudinal axis of the shaft with the 
longitudinal axis of the hole, inserting the anchor in the 
hole such that the sidewalls of the hole elastically de- 
form* the barbs, and thereafter withdrawing the tool 
from the deployed anchor assembly. 

37 Claims, 3 Drawing Sheets 
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SUTURE ANCHOR AND INSTALLATION TOOL 

This is a continuation of copending application (s) Ser. 
No. 07/766,025 filed on 09/26/91 now abandoned. 5 

FIELD OF THE INVENTION 

This invention relates generally to fastening devices. 
More particularly, the invention relates to anchoring 
devices of the sort adapted to fixedly locate one end of 10 
an object in a workpiece, and installation tools for de- 
ploying the same. Still more particularly, the invention 
relates to suture anchors of the sort adapted to anchor 
one end of a piece of conventional suture in bone, and 
installation tools for deploying the same. 15 

BACKGROUND OF THE INVENTION 

In U.S. Pat. No. 4,898,156, entitled "Suture Anchor"; 
U.S. Pat. No. 4,899,743, entitled "Suture Anchor Instal- 
lation Tool"; and U.S. Pat. No. 4,968,315, entitled "Su- 20 
ture Anchor and Suture Anchor Installation Tool" 
(each of which is presently owned by Mitek Surgical 
Products, Inc., of Norwood, Mass., the assignee of this 
application), there are disclosed a variety of anchors of 
the sort adapted to anchor one end of a piece of conven- 25 
tional suture in bone. These patents further disclose 
several anchor installation tools for deploying the su- 
ture anchors therein disclosed. Complete details of the 
construction and use of these various anchors and an- 
chor installation tools are provided in the specifications 30 
and drawings of the above-identified U.S. Patents. 
Those specifications and drawings are hereby incorpo- 
rated by reference into the present application. 

It, therefore, will be understood that anchoring de- 
vices of the type including a coupling member and at 35 
least one curved barb extending upwardly and out- 
wardly from an end of the coupling member are known 
in the art. It also will be understood that tools for de- 
ploying such anchoring devices in holes in surfaces of 
workpieces similarly are known in the art. As the re- 40 
quirements of users of such devices, particularly in the 
medical field, have become more demanding, however, 
known anchoring devices and installation tools therefor 
have encountered problems. Particular among these 
problems are (1) the possibility of known anchors to fail 45 
(i.e., to become dislodged), (2) the diameter of the an- 
chor-receiving hole in the workpiece required for de- 
ployment of the anchor, (3) the need for precise loca- 
tion of the barb(s) both during anchor insertion and at 
final deployment to avoid damage to delicate structures 50 
(such as a joint) adjacent to the hole, and (4) in multi- 
barb configurations, the need for deployment means 
which assure the central location of the coupling mem- 
ber of the anchor within the anchor-receiving hole 
during the insertion operation, at least until the engage- 55 
ment of the respective outer barb ends with the sidewall 
of the hole at substantially equal depths is achieved. The 
• reasons for these problems will become apparent in the 
following general synopsis of these known anchoring 
systems. 60 

As noted above, anchors are known which include a 
coupling member and at least one barb extending up- 
wardly and outwardly from an end of the coupling 
member. The coupling member generally comprises a 
piece of 6A14V titanium alloy having a first end sur- 65 
face, a second end surface and a longitudinal axis. The 
first end surface lies in a plane substantially normal to 
the longitudinal axis, while the plane of the second 


surface may be either normal to, or located at an acute 
angle to, the longitudinal axis. In either alternative, 
suture attachment means are associated with the second 
surface. Such attachment means may take several 
forms. For example, a blind hole may extend centrally 
into the second surface. The blind hole is adapted to 
receive a knot formed in one end of the suture. The 
blind hole also may be connected to the periphery of the 
coupling member by a slot in order to allow the free end 
of the suture to extend more easily toward the first end 
of the coupling member and then out of the hole 
wherein the anchor is located. 

Alternatively, a bore may extend substantially nor- 
mally into a second surface lying in a plane located at an 
acute angle to the longitudinal axis. In that case, the 
bore extends through the coupling member so as to exit 
at a portion of its sidewall between the first and second 
ends on the opposite side of the coupling member from 
that over which the barb extends. A suture may extend 
through this bore and then substantially directly up- 
wardly toward the open end of the anchor-receiving 
hole. A knot at the end of the suture threaded through 
the bore, engaging the second surface, assures the se- 
cure connection to the anchor of an object attached to 
the other end of the suture. In another alternative, the 
coupling member may define a longitudinal bore there- 
through which allows an end of a suture to extend lon- 
gitudinally through the coupling member for secure- 
ment to the second surface, for example by the forma- 
tion of a knot adapted to bear against the second surface 
adjacent the opening of the bore therein. 

As will become apparent below, this tendency in the 
art of associating the attachment of the suture with the 
second end of the coupling member can be a source of 
difficulty to known anchors of the type described. Fur- 
ther, the secure attachment of the object to the work- 
piece surface with a single suture strand can be difficult 
If proper tension is not maintained both during the 
attachment process and thereafter, the object may move 
relative to the workpiece, thereby possibly causing 
damage to adjacent structures. 

At least one curved barb extends upwardly and out- 
wardly from the first end of the coupling member in 
these known anchors. The barb is commonly formed of 
a length of nickel titanium alloy wire which in its unre- 
strained state defines an arc having a radius greater than 
the radius of the coupling member. The barb may be 
formed integrally with the coupling member, but more 
commonly one end of the wire extends into a hole in the 
first surface. In the latter case, the exterior of the cou- 
pling member commonly is crimped adjacent to the 
hole to assure the fixed location of the wire end therein. 
Also in the latter alternative, at least about 90 degrees of 
the arc of the barb remains unrestrained by the hole in 
the first surface of the coupling member. The nickel 
titanium alloy is chosen such that the barb is capable of 
being elastically deformed to a substantially straight 
configuration when desired (i.e., so that the barb's sec- 
ond end can be shifted from its location radially out- 
board of the sidewall of the coupling member when the 
free end of the barb is unrestrained to a location in 
general alignment with the end of the barb engaging the 
hole in the first end of the coupling member). By way of 
example, the barb, may be made out of binary nitinol 
such as that sold by Furukawa of Japan and Raychem 
Corporation of Menlo Park, Calif., or it might be made 
out of ternary nitinol such as that sold by Raychem 
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Corporation and described in U.S. Pat. No. 4,505,767 
(Quinn). 

Anchors of the type just described are deployed in 
holes in the surfaces of workpieces and connected to 
objects lying on the surface of the workpiece adjacent 5 
the hole. Various tools have been developed to accom- 
plish this deployment. In one form, the tool included 
three mutually telescoping elements; namely, an outer 
insertion cannula, a suture anchor loader adapted to 
telescope within the insertion cannula, and a plunger 10 
adapted to telescope within the suture anchor loader. 
The coupling member is inserted into the proximal end 
of the outer insertion cannula with the unrestrained 
barb extending out of the proximal end of the outer 
insertion cannula. Next, the barb is inserted into the 15 
distal end of the suture anchor loader, and the loader is 
telescoped down into its outer insertion cannula. This 
causes the barb to be deformed into a substantially • 
straight configuration within the central bore of the 
loader. Next, the plunger is telescoped into the loader 20 
until its distal end contacts the proximal end of the 
deformed barb. Then the distal end of the insertion tool 
is located within the hole in the workpiece adjacent the 
desired anchor location. Finally, the plunger is driven 
towards the distal end of the insertion cannula, so as to 25 
drive the anchor out of the. insertion tool and into the 
workpiece at the desired location. See U.S. Pat. No. 
4,898,156 identified above. 

Subsequently, it was realized that anchor-receiving 
hole diameters could be reduced by allowing the side- 30 
wall of the hole in the workpiece to deform the barb(s) 
as the anchor is inserted. The outer insertion cannula 
and plunger, therefore, were deleted, and a longitudinal 
slot was provided adjacent to the distal end of the an- 
chor loader adapted to permit the barb to extend radi- 35 
ally outwardly from the loader when the anchor is 
inserted into its loading end. The engagement of the 
barb with the sidewall of the hole allows the anchor 
loader to be pulled out of the hole in the workpiece, 
leaving the anchor in place. See U.S. Pat. No. 4,899,743 40 
identified above. 

Still later, in response to a desire for improved en- 
gagement between the insertion tool and the suture 
anchor, as well as in response to other desires such as 
improved suture attachment and workpiece hole diarae- 45 
ters, the diameter of the portion of the coupling member 
adjacent to its first surface was reduced relative to the 
diameter of the remainder of the coupling member. This 
construction allows the reduced-diameter portion of the 
suture anchor to be received within the insertion tool, 50 
yet permits the diameter of the anchor loader to be 
reduced to that of the larger portion of the coupling 
member. See U.S. Pat. No. 4,968,315. 

Certain problems can be encountered with bone an- 
chors of the sort disclosed in U.S. Pat. Nos. 4,898,156; 55 
4,899,743; and 4,968,315, when only one barb is pro- 
vided and the suture is attached to the second end of the 
coupling member (i.e., at the end of the coupling mem- 
ber opposite to that which the single barb is attached 
to), and the second end of the coupling member is dis- 60 
posed at an acute angle relative to the longitudinal axis 
of the coupling member. For one thing, with such bone 
anchors, the suture generally extends parallel to, and 
external of, at least a portion of the bone anchor during 
insertion into the workpiece. In some circumstances, 65 
friction between the workpiece and the coupling mem- 
ber and/or the insertion tool can damage or even sever 
the suture during insertion. For another thing, in certain 
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types of soft workpieces, e.g. diseased bone, applying a 
load to the suture attached to the distal end of the suture 
anchor (i.e., to the angled second end of the coupling 
member) can cause the suture anchor to pivot in the 
workpiece, about the proximal end of its barb, thereby 
possibly becoming dislodged. Furthermore, particu- 
larly with suture anchors of the sort disclosed in U.S. 
Pat. No. 4,968,153, which attach the barb to a reduced 
diameter first end portion, the provision of multiple 
barbs can cause the size of the suture anchors to signifi- 
cantly increase, which can be undesirable. 

OBJECTS OF THE INVENTION 

Accordingly, it is an object of the present invention 
to provide a novel anchor configuration having im- 
proved anchoring characteristics. 

It is also an object of the present invention to provide 
a novel anchoring system which minimizes the work- 
piece hole size requirements for anchor deployment. 

Further, it is an object of the present invention to 
provide an anchor and anchor installation tool which 
improve upon the anchor and anchor installation tools 
shown in U.S. Pat. Nos. 4,898,156; 4,899,743; and 
4,968,315. 

Still further, it is an object of the present invention to 
provide a novel method for deploying an anchor in a 
workpiece. 

Yet another object of the present invention is to pro- 
vide a suture and anchor assembly which will permit 
the suture to make a slipping engagement with a de- 
ployed anchor, so as to facilitate manipulation of suture 
throws positioned about the free end of the suture down 
the length of suture, so as to approach the workpiece in 
which the anchor is located. 

SUMMARY OF THE INVENTION 

These and other objects and advantages of the pres- 
ent invention are achieved through the use of a novel 
anchoring system including an anchor assembly and an 
anchor installation tool. 

The novel anchor assembly includes a coupling mem- 
ber, at least two barbs and attachment means. The cou- 
pling member comprises a body having a longitudinal 
axis. The body includes a first portion having a first end, 
a second portion having a cross-section (transverse to 
the longitudinal axis) smaller than the cross-section 
(transverse to the longitudinal axis) of the first portion, 
and a middle portion connecting the first and second 
portions. The middle portion includes at least two 
equally-circumferentially-spaced channels separated by 
walls, the channels and walls both extending from the 
first end of the first portion to one end of the second 
portion. The barbs extend in equally spaced circumfer- 
ential relation to each other, and in equally spaced ra- 
dial relation to said longitudinal axis, from the first end 
of the first portion adjacent the closed ends of the re- 
spective channels to respective outer ends substantially 
radially displaced from the body. Each barb is curved in 
its normal unstressed state, but is capable of being elasti- 
cally deformed to a substantially straight configuration 
substantially parallel to the longitudinal axis of the 
body. The outer edges of the walls of the middle por- 
tion adjacent the second portion respectively define 
equally-circumferentially-spaced indented portions on 
the outer surface of the body. The base of each of these 
indented portions is substantially the same distance from 
the longitudinal axis of the body as the adjacent outer 
surface of the second portion of the body. The attach- 
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ment means are directly associated with the second considered in light of the accompanying drawings in 

portion of the body. In a preferred embodiment, the which like reference numerals are used to designate like 

attachment means comprise a diametrical round or elements throughout, and further in which: 

elongated hole extending through the second portion FIG. 1 is a perspective view showing a suture and 

and the middle portion. In addition, in a preferred em- 5 suture anchor assembly, an installation tool adapted for 

bodiment, each of the barbs is sized so that when it is use with the suture and suture anchor assembly, and a 

deformed to a substantially straight configuration, the target bone which is to receive the suture anchor assem- 

proximal end of the barb will terminate short of the bly, all in exploded relation to one another; 

proximal side of the diametrical hole forming the at- FIG. 2 is a side elevational view in partial section of 

tachment means, so as to prohibit any engagement be- 10 a suture anchor assembly in accordance with the pres- 

tween the proximal end of the barb and a suture passing ent invention; 

through the hole. FIG. 3 is a cross-sectional view of a suture anchor 

The foregoing anchoring assembly is used with a assembly taken along the line 3 — 3 of FIG. 2; 

novel installation tool which generally comprises an FIG. 4A is a side elevational view of an installation 

elongated shaft having a distal end, a proximal end and 15 tool suitable for use with the suture anchor assembly of 

a transverse cross-section substantially the same as that FIG. 2 in accordance with the present invention; 

of the first end portion of the body of the coupling FIG. 4B is a top elevational view of the tool of FIG. 

member. In a preferred embodiment, this cross-section 4A; 

is maintained proximally from the distal end of the shaft FIG. 4C is a right end elevational view of the installa- 

for at least a predetermined distance sufficient to allow 20 tion tool of FIG. 4A; 

deployment of the anchoring assembly within a mini- FIG. 5 is an exploded perspective view of a suture, a 

mum diameter hole formed in a workpiece. The remain- suture anchor, and an insertion tool in accordance with 

der of the shaft may have a larger cross-section to the invention; 

thereby render it stronger and provide a ledge sur- FIG. 6 is a perspective view of the suture, suture 

rounding the exterior of the shaft useful in assuring the 25 anchor and installation tool of FIG. 5, with the various 

deployment of the anchor assembly at a predetermined elements assembled together; 

depth within a hole in the workpiece. Also, a handle is FIG. 7 is a side elevational view of a novel drill in 

attached to the proximal end of the shaft in the pre- accordance with the present invention forming a hole in 

ferred embodiments. Further, a bore sized to receive the a workpiece which is to receive an anchor assembly; 

second end portion of the body extends centrally into 30 FIG. 8 is an exploded perspective view of another 

the distal end of the shaft to a depth slightly greater than anchor assembly and installation tool in accordance 

the longitudinal length of the second portion of the with the present invention; 

body. A pair of slots extend through the walls of the FIG. 9 is a partial, enlarged side elevational view in 

bore in equally spaced circumferential relation to each partial section showing the proximal end of another 

other. Finally, projections having substantially the same 35 suture anchor; and 

cross-section as the indentations on the outer surfaces of FIG. 10 is a partial, enlarged side elevational view in 

the walls of the middle portion of the body of the cou- partial section showing the proximal end of yet another 

pling member extend in equally spaced circumferential suture anchor. 

relation to each other distally from the walls of the nFTATT FD nFsrPTPTTnv of thp 

bore, substantially midway between the slots and adja- 40 p^SsS p PMPnnr^Mx 

cent the exterior of the shaft. PREFERRED EMBODIMENT 

The method of deploying the anchor assembly within It is to be understood at the outset that the surgical 

a workpiece contemplated by the present invention context of use of the present invention which appears in 

includes (1) the provision of the above anchoring sys- the following description has been selected for conve- 

tem components; (2) the formation of a hole in the sur- 45 nience of illustration only. Certain features and advan- 

face of a workpiece; (3) the attachment of an object (or tages of the invention are particularly beneficial in this 

connecting member) to the attachment means; (4) the context, and certain modifications of the invention in its 

telescopic insertion of the second end portion of the broader aspects have been developed with specific ref- 

body of the coupling member into the bore at the distal erence to its surgical utility. No limitation of the inven- 

end of the shaft of the insertion tool such that the pro- 50 tion in its broader aspects is intended by the choice of 

jections from the distal end of the insertion tool engage this context for the following description, and none 

the indentations in the outer surface of the middle por- should be implied therefrom. Similarly, no limitation of 

tion of the body of the coupling member; (5) the inser- the present invention is intended from the choice of 

tion of the anchor assembly into the hole by the applica- descriptive terms for any of the elements discussed 

tion of a pushing force to the anchoring assembly by the 55 below, and none should be implied therefrom, 

installation tool to drive it a desired distance into the Referring now to the drawings, and particularly to 

hole in the workpiece such that the sidewalls of the hole FIG: 1, there is shown an exploded perspective view of 

deform the barbs into their substantially straight config- a suture 2 attached to a suture anchor assembly 4, an 

uration within the channels of the middle portion of the installation tool 6 particularly adapted for use with the 

body; and (6) the withdrawal of the installation tool 60 anchor assembly 4, and a target bone 8 having a hole 10 

from its engagement with the anchor assembly and from formed therein for receipt of the anchor assembly 4. 

the hole. The anchor assembly 4, the associated installation tool 

hp tff nPQpn tptton OF THF DP A wiNrtS *> md a method for deploying toe anchor assembly in a 

BRIEF DESCRIPTION OF THE DRAWINGS hole fonned m a workpiece now wil , be 

These and other features, objects and advantages of 65 described, 

the present invention will be described in, or become The anchor assembly 4 (best seen in FIGS. 2 and 3) 

obvious to those skilled in the art in view of, the follow- includes a body 12 having a longitudinal axis 14 and at 

ing detailed description of the invention which is to be least two identical barbs 16. Specifically, the body 12 
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has (a) a first portion 18 having a first end 20 and an wardly therefrom. In a preferred embodiment, the barbs 
outer end 22, (b) a second portion 24 having an inner 16 have a diameter of approximately 0.026 inches, and 
end 26, an outer end 28, and a cross-section (transverse in their unrestrained state define an arc of approxi- 
to the longitudinal axis 14) smaller than the cross-sec- matcly 90 degrees of loop approximately 0.143 inches in 
tion (transverse to the longitudinal axis) of the first 5 diameter (when measured to the inside edge of the 
portion 18, and (c) a middle portion 30 connecting the loop). Each barb 16 also is capable of being elastically 
first end 20 of the first portion 18 to the inner end 26 of deformed to a substantially straight configuration when 
the second portion 24. Second portion 24 is centered desired such that its fust end 44 is substantially aligned 
about the longitudinal axis 14 such that a radially-out- with its second end 46 in a line substantially parallel to 
wardly-projecting ledge 32 is formed adjacent inner end 10 the longitudinal axis 14. The length of the barbs 16 in 
26 of second portion 24 by middle portion 30. At least the embodiment shown in FIGS. 1-3, 5 and 6 is less than 
two equally-circumferential! y-spaced radial channels 34 or equal to the longitudinal length of the body 12 mea- 
in the exterior of body 12 extend from the first end 20 of sured from the outer end 28 of the second portion 24 to 
the first portion 18 to the outer end 28 of second portion the outer end 22 of the first portion 18. The barbs may 
24 In the embodiment shown in FIGS. 1-3, 5 and 6, 15 be made integrally with the body 12, however, in the 
there are two such channels each having a width of preferred embodiment the first ends 44 of the barbs 16 
approximately 0.033 inches and a depth (measured in are inserted into the bores 40 and 42 respectively such 
the middle portion 30) of approximately 0.041 inches. In that they extend all the way therethrough to the outer 
fact, there are always exactly as many channels 34 as end 22 of the first portion 18, The tendency of the re- 
there are barbs 16 on the anchor assembly. Thus, in the 20 spective barbs to return to their curved configuration 
embodiment shown in FIGS. 1-3, 5 and 6, there are two acts to hold the portions of the barbs inserted in the 
channels 34. It will be understood that the interior bases straight bores within the bores. The permanence of this 
36 of the channels 34 so defined are carried substantially engagement may be further assured by crimping the 
parallel to the longitudinal axis 14 to the outer end 28 of first portion 18 of the body 12 adjacent the bores, or 
the second portion 24. 25 otherwise mechanically locking a portion of the respec- 

The outer surface of middle portion 30 is indented tive barbs within the respective bores, 

adjacent ledge 32 to form a pair of grooves 38. Grooves Attachment means 48 are associated with the second 

38 are diametrically opposed to one another, and are portion 24. In the embodiment shown in FIGS. 1-3, 5 

positioned equidistant between channels 34. In the em- and 6, attachment means 48 is a bore extending trans- 

bodiment shown in FIGS. 1-3, 5 and 6, grooves 38 have 30 verse to the longitudinal axis 14 through the wall 50 

a depth substantially equal to the radial width of ledge which is located between the respective bases 36 of the 

32, and extend longitudinally along the outer surface of slots 34 adjacent the inner end 26 of the second portion 

middle portion 30 slightly less than one-half of the total 24. Permissibly, this bore may extend partially into the 

longitudinal length of the middle portion 30. In a spe- adjacent middle portion 30 in order to allow the passage 

cific example, the depth of the grooves 38 is approxi- 35 of a suture or some other connecting object there- 

mately 0.016 inches, their length is approximately 0.070 through while maintaining the structural integrity of 

inches, and their width is approximately 0.044 inches. the outer end 28 of second portion 24 and the required 

Longitudinal bores extend parallel to the longitudinal strength of wall 50. It will be understood that the pur- 
axis 14 into the first end 20 of the first portion 18 adja- pose of the attachment means 48 is to allow the attach- 
cent the bases 36 of each of the slots 34. In the embodi- 40 ment of an object or a connecting means to the second 
ment shown in FIGS. 1-3, 5 and 6, there are two such portion 24 such that forces tending to withdraw the 
bores shown at 40 and 42 respectively. In fact, there are body from an anchoring position are applied substan- 
always exactly as many of these bores as there are barbs tially along the axis 14. The dislodging torque induced 
16 on the anchor assembly. Thus, in the embodiment by applied withdrawing forces in prior suture anchors 
shown in FIGS. 1-3, 5 and 6, there are two bores 40 and 45 are thereby avoided, and a greater portion of the maxi- 
42. Also in the embodiment shown in FIGS. 1-3, 5 and mum anchoring power of the anchor assembly is uti- 
6, representative dimensions of the body may be as lized. 

follows: the diameter of the first and middle portions of The anchor assembly just described is particularly 

the body is approximately 0.093 inches, the diameter of adapted to be utilized in conjunction with an installation 

the second portion is approximately 0.060 inches, the 50 tool 6. Tool 6, best seen in FIGS. 4A, 4B and 4C, is 

longitudinal length of the first portion is approximately preferably (but not necessarily) made of 17-4PH stain- 

0.072 inches, the longitudinal length of the middle por- less steel, annealed. Generally, it includes an elongate 

tion is approximately 0. 148 inches, and the longitudinal shaft 52 having a longitudinal axis 54, a proximal end 56 

length of the second portion is approximately 0.050 and a distal end 58. The shaft 52 has a cross-section 

inches. The diameters of the bores 40 and 42 are both 55 (transverse to the longitudinal axis 54) substantially the 

approximately 0.030 inches, and they extend from the same as the cross-section (transverse to the longitudinal 

first end 20 of the first portion 18 all the way through axis 14) of the first portion 18 of the body 12. If desired, 

the first portion 18 to its outer end 22. Of course, bores this cross-section need only be maintained for a prede- 

40 and 42 may extend into first end 20 only part of the termined distance proximally of the distal end 58. It is 

way longitudinally through first portion 18 without 60 contemplated that the latter alternative will allow the 

departure from the present invention. proximal portion of the shaft to be provided with 

The barbs 16 each are formed by a length of nickel greater rigidity and strength, and that the provision of a 

titanium alloy having a first end 44 and a second end 46. predetermined location of the change in cross-section 

Such materials are readily available commercially from size may be utilized to form a circumferential ledge or 

Raychem Corporation and GAC International, Inc., 65 stop 60 about the shaft useful in the precise location of 

among others. The first ends 44 of the respective barbs an anchor assembly in a hole for a workpiece. 

are attached to the first end 20 of the first portion 18 so A bore 62 having a cross-section (transverse to the 

that they respectively extend axially and radially out- longitudinal axis 54) substantially the same as the cross- 
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section (transverse to the longitudinal axis 14 of second distal end 58 of the shaft 52 into the indentations 38 on 
portion 24) of anchor body 12 extends centrally into the outer surface of the middle portion 30 of the anchor 
distal end 58 of shaft 52 to a depth at least slightly assembly body 12. 

greater than the longitudinal length of second portion The resulting two stage joinder of the anchor assem- 
24 of anchor body 12. In the embodiment shown in 5 bly to the distal end of the shaft 52 is secure, resistant to 
FIGS. 1-3, 5 and 6, bore 62 is cylindrical in cross-sec- accidental disengagement, and automatically aligns the 
tion and has a depth of approximately 0.056 inches. barbs in a predetermined spatial relationship to the han- 
Two equally-circumferentially-spaced slots 64 extend die. This is important, because without the presence of 
through the sidewall 66 of the bore 62. Slots 64 have a the projections 68 engaging the middle portion 30, the 
longitudinal length substantially the same as the depth 10 anchor assembly body 12 might be vulnerable to acci- 
of bore 62 and a width substantially the same as the dental dislodgement from the shaft 52. It is not uncom- 
width of channels 34 in the middle portion 30 of the mon for the anchor assembly/installation tool combina- 
body 12. Furthermore, slots 64 have a width sufficient tion to be assembled (and sterilized where appropriate) 
to accommodate a suture or other object extending prior to the start of a surgical procedure during which 
through attachment means 48. Substantially midway 15 an anchor assembly will be deployed. It also is not un- 
between slots 64, two projections 68 extend outwardly common for the anchor assembly to be subjected to 
from the periphery of the distal end 58 of the shaft 52. forces tending to dislodge the anchor from the tool 
The cross-section of each projection 68 (measured during preparation for the surgical procedure and/or 
transverse to the longitudinal axis 54) is substantially the during the initial stages of the deployment procedure 
same as the cross-section (measured transverse to the 20 (i.e., prior to the anchor assembly reaching the hole in 
longitudinal axis 14) of the indented portions 38. The the bone in which it is to be deployed). Such dislodge- 
longitudinal length of each projection 68 is less than the ment of the anchor assembly is inconvenient, and may 
longitudinal length of the indented portions 38. Prefera- be costly in the event that the anchor assembly is either 
bly the leading tips of projections 68 are rounded lost or must be resterilized prior to use. The present 
slightly to facilitate entry into indented portions 38, as 25 invention avoids these potential problems. The slotted 
will hereinafter be discussed in further detail. Also, a sidewalls of the bore 62 in the distal end of the shaft 52 
handle 70 having a rectangular cross-section (transverse act like resilient fingers grasping the second portion 24 
to the longitudinal axis 54) is affixed to the proximal end of the anchor assembly body, and the projections 68 
56 of the shaft 52 such that the planes containing two from the distal end 58 of the shaft 52 act like resilient 
opposite sides of the handle are preferably parallel to 30 fingers grasping the middle portion 30 of the anchor 
the plane containing the side edges 72 of at least one of assembly body. Since the fit between these elements is 
the slots 64. relatively tight, there is little chance of accidental axial 

The installation tool 6 is particularly adapted for the dislodgement. Further, since radially directed dislodg- 
deployment of an anchor assembly such as that shown ing forces tend to act around the distal end of the shaft, 
at 4 within a hole in a workpiece (see FIG. 1). Obvi- 35 the re-enforcement of the joinder in two different planes 
ously, different anchor assembly cross-sections will (i.e.,*the plane passing through the diametrically op- 
require different tools, or at least modifications of a posed projections 68 and the plane passing through the 
basic tool, particularly related to the anchor assembly to two diametrically opposed slotted sidewalls of the bore 
be deployed. In this regard, it is contemplated that the 62) reduces the chance of accidental dislodgement of 
distal portion of the shaft 52 could be made separately 40 the anchor assembly. Hence, the surgeon is free to treat 
from the proximal portion thereof (as illustratively the loaded shaft as a unit, thereby facilitating the opera- 
shown in dotted lines 74 in FIG. 4B). The distal portion tive procedure. 

might then be provided with a tapered proximal end The anchor assembly then is deployed in a predrilled 
including a locking mechanism such as a key (not hole in the bone by inserting the outer end 22 of the first 
shown) adapted to engage a tapered bore and keyway 45 portion 18 of the anchor assembly (which may be gener- 
(not shown) in the distal end of the proximal portion of ally pointed, as illustrated in the drawings, if desired) 
the shaft, to thereby lock the elements of the installation into the hole, and thereafter exerting an axial pushing 
tool together. force on the proximal handle portion 70 until the outer 

The method of use of the anchoring system of the end 22 of the first portion 18 of the anchor assembly 
present invention now will be described in the context 50 bottoms out against the bottom of the hole or the an- 
of the attachment of a suture to a bone. The suture 2 is chor assembly otherwise reaches a desired depth within 
first attached to the attachment means by threading it the hole, e.g. by engagement of the stop 60 with the 
through the hole 48, as shown in FIG. 5. In the pre- upper surface of the bone 8. During insertion, the suture 
ferred case, both ends of the suture remain free, how- 2 threaded through hole 48 can be received in slots 64 
ever, if desired, a knot may be formed in one end for 55 and their continuations 76 (see FIGS. 4A and 4B), so as 
engagement with one side of the wall 50 while the other to minimize any contact between the suture and bone 8. 
end extends freely from the other side of wall 50. There- It has been found that forming the hole with a drill 78, 
after, the anchor assembly 4 is attached to the distal end such as that shown in FIG. 7, having distal cutting 
58 of the shaft 52 as shown in FIGS. 5 and 6. The latter surfaces 80 which taper inwardly from the outer diame- 
step is accomplished by (a) aligning the longitudinal axis 60 tcr of the drill toward its longitudinal axis, is beneficial. 
14 of the anchor assembly body 12 with the longitudinal In that instance, the hole defines a generally conical 
axis 54 of the shaft 52, (b) aligning the projections 68 volume at its bottom. The provision of a generally 
extending from the distal end 58 of the shaft 52 with the matching configuration to the outer end 22 of the first 
indentations 38 on the outer surface of the middle por- portion 18 of the anchor assembly body 12, permits 
tion 30 of the anchor assembly body 12, and (c) sliding 65 undesirable pivoting of the anchor assembly within the 
the second portion 24 of the anchor assembly body 12 hole to be avoided. 

into the bore 62 in the distal end 58 of the shaft 52 while Also, as the distal end of the shaft 52 forces the an- 
at the same time sliding the projections 68 from the chor assembly 4 into the hole, the barbs 16 engage the 
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sidewalls of the hole and are forced to retract into the 
grooves 34. The secure joinder of the anchor assembly 
to the distal end of the shaft is important at this stage as 
well It prevents accidental dislodgement of the anchor 
in response to attempts to deploy the anchor which are 5 
not in good alignment with the axis of the hole. Further, 
it assures that the body 12 of the suture anchor does not 
pivot in the hole during the deployment operation. If 
such were to occur, one of the barbs might engage the 
sidewall of the hole at a different depth than the other 10 
barb(s). In such an event, the higher barb would return 
further toward is unrestrained state and provide a 
smaller engagement force with the sidewall of the hole 
than the other barb(s). The holding power of the anchor 
would be reduced accordingly, particularly because 15 
withdrawal forces applied to the attachment means 
would no longer be equally distributed among the 
barbs. 

Another advantage of this invention is that the hole 
size required in the workpiece may be minimized. As 20 
will be recognized from the drawings, the dimensions of 
the first portion 18 of the anchor assembly body 12 are 
such that the two required barbs 16 are supportable by 
the first surface 20 of the first portion 18, with an attach- 
ment capability extending proximally and axially out- 25 
wardly between them. Further, by providing the shaft 
of the installation tool with longitudinal grooves 64 and 
76, wherein the grooves 76 extend proximally from the 
base 82 of the bore 62 in alignment with the slots 64 in 
the sidewall 66 of the bore, it is possible to contain the 30 
suture within the periphery of the shaft until it exits the 
bone hole. Accordingly, the hole diameter need only 
define a circular cross-section which will contain the 
cross-section of the first portion 18 of the body 12 of the 
anchor, without fear of the suture being damaged 35 
through a shearing engagement with bone 8 and suture 
anchor 4 and/or installation tool 6. Still further, the 
barbs 16 are not held exactly parallel to the longitudinal 
axis 14 of the anchor assembly body 12 by the sidewalls 
of the grooves 34. Instead, their outer ends 46 bear 40 
against the sidewalls of the hole 10 which are radially 
displaced from the point from which the barbs 16 arise 
from the first surface 20 of the first portion 18. This, 
combined with the inability for the anchor assembly to 
pivot in the hole and the change in location of the appli- 45 
cation of withdrawing forces provided by the inven- 
tion, all co-act to provide an improved anchor. 

Further variations, modifications, alterations, 
changes and the like will occur to those skilled in the art 
in light of the foregoing description of the invention. 50 

For example, the anchor assembly may be provided 
with more than two barbs, and the insertion tool modi- 
fied to accommodate the modified anchor assembly, as 
illustratively shown in FIG. 8. A detailed and complete 
discussion of this alternative would be largely redun- 55 
dant of the foregoing discussion and, therefore, will not 
be undertaken here. 

Furthermore, as shown in FIG. 9, the portion of the 
wall 50 forming the proximal end of hole 48 may be 
rounded as shown at 84, to facilitate a smooth loading of 60 
the suture 2 against the surface 84. This will minimize 
any possibility of abrading or creasing or otherwise 
damaging the suture 2 when it is subjected to a load. 
Furthermore, the provision of such a smooth surface 84 
will facilitate the ability of the suture to make a slipping 65 
engagement with a deployed suture anchor. This can 
aid the user in the manipulation of suture throws posi- 
tioned about the free end of the suture down the length 


of suture, so as to approach the workpiece in which the 
anchor is loaded. It should be further appreciated that 
the ability of the suture to make a slipping engagement 
with a deployed suture anchor is also enhanced since 
the reduced diameter second portion 24 positions the 
suture inboard of, and interior to, the surrounding bone 
8, thereby minimizing engagement of the suture with 
bone 8 during manipulation of suture throws. 

Furthermore, the length of middle portion 30 of su- 
ture anchor 4 could be increased, so that the proximal 
end of hole 48 terminates well above the ends 46 of the 
barbs 16 when the barbs are deformed to their substan- 
tially straight configuration during anchor insertion. 
See FIG. 10. Such a construction will minimize any 
possibility that barbs 16 might engage, and thereby 
damage, suture 2 during the insertion process. Further- 
more, as also seen in FIG. 10, it is anticipated that one 
might terminate channels 34 short of the outer end 28 of 
second portion 24, and broaden the contour of wall 50 
so as to extend across the full width of outer end 28 and 
thereby provide an enlarged suture-bearing surface. 

Additionally, it is anticipated that one might extend 
hole 48 down a significant distance along axis 14 so that 
the distal end of hole 48 approaches first end 20 of first 
portion 18. This will have the effect of permitting chan- 
nels 34 to communicate with one another along a 
greater portion of their length than as shown in FIG. 2. 

As alluded to previously, it is not the intention of the 
foregoing description to be restrictive of the invention. 
The description is rather intended to be illustrative 
only. The invention, therefore, should be understood as 
being restricted only by the terms of the appended 
claims. 

What is claimed is: 

1. Apparatus for attaching an object to a workpiece 
comprising: 

an anchor assembly comprising a body and at least 
two barbs; 

said body having a longitudinal axis, a first portion 
having a first end and a second end and a first 
maximum cross-section transverse to said longitu- 
dinal axis, a second portion centered on said longi- 
tudinal axis having a first end and a second end and 
a second cross-section transverse to said longitudi- 
nal axis smaller than said maximum cross-section of 
said first portion, and a middle portion having a 
first end and a second end, said second end of said 
first portion being joined to said first end of said 
middle portion, and said first end of said second 
portion being joined to said second end of said 
middle portion, 

said middle portion defining at least two equal ly-cir- 
cumferentially-spaced channels extending in- 
wardly from an axial projection of said maximum 
transverse cross-section of said first portion to a 
base adjacent said longitudinal axis, and said chan- 
nels extending longitudinally between said second 
end of said first portion and said second end of said 
middle portion, said channels being separated by 
longitudinal walls extending radially of said longi- 
tudinal axis to an outer surface located on said axial 
projection of the periphery of said maximum trans- 
verse cross-section, and 

. said middle portion defining at least two axial 
grooves extending from said second end of said 
middle portion towards said first end of said middle 
portion; 
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one of said barbs extending axial ly and radially out- end, a cross-section transverse to said second longi- 
wardly from said second end of said first portion tudinal axis substantially the same as said first maxi- 
adjacent the base of each said channel to an outer mum transverse cross-section of said first portion 
end located radially outwardly of said axial projec- of said anchor assembly, a bore having a cross-sec- 
tion of said first maximum transverse cross-section 5 tion transverse to said second longitudinal axis 
of said first portion, each said barb being curved in substantially the same as said second cross-section 
its normal unrestrained state but capable of being of said second portion of said anchor assembly and 
elastically deformed into a substantially straight extending centrally into said distal end of said shaft, 
configuration with its outer end located radially said bore being adapted to slidably receive said 
within said axial projection of said first maximum 10 second portion of said anchor assembly and defin- 
transverse cross-section of said first portion; and ing at least two equally-circumferentially-spaced 

attachment means associated with said second por- slots extending between said bore and said exterior 

tion for connecting an object to said anchor assem- surface of said shaft, and at least two projections, 

bly. each projection having substantially the same 

2. A system for attaching an object to a workpiece 15 cross-section transverse to said second longitudinal 

comprising: axis as said cross-sections transverse to said first 

a) means for forming a hole in said workpiece; b) an longitudinal axis of said grooves formed in said 

anchor assembly comprising a body and at least middle portion of said anchor assembly so as to be 

two barbs; slidably receivable in one of said grooves, 

said body having a longitudinal axis, a first portion 20 3. The apparatus of claim 2 wherein said barbs are 

having a first end and a second end and a first made of nickel titanium alloy. 

maximum cross-section transverse to said longi- 4. The apparatus of claim 2 wherein said first portion 

tudinal axis, a second portion centered on said of said body defines at least two bores extending longi- 

longitudinal axis having a first end and a second tudinally from said second end of said first portion 

end and a second cross-section transverse to said 25 towards said first end of said first portion, one bore 

longitudinal axis smaller than said maximum adjacent the base of each said channel, and wherein 

transverse cross-section of said first portion, and each of said barbs is a piece of wire having a first end 

a middle portion having a first end and a second and a second end, said first end of each said wire fixedly 

end, said second end of said first portion being engaging one of said bores in said second end of said 

joined to said first end of said middle portion, 30 first portion. 

and said first end of said second portion being 5. The apparatus of claim 4 wherein the longitudinal 

joined to said second end of said middle portion, length of said body measured parallel to its longitudinal 

said middle portion defining at least two equally- axis is substantially the same as the length of said pieces 

circumferentially-spaced channels extending of wire when said wire is deformed into its substantially 

inwardly from an axial projection of the periph- 35 straight configuration. 

ery of said first maximum transverse cross-sec- 6. The apparatus of claim 2 wherein there are two 

tion of said first portion to a base adjacent said barbs and wherein said attachment means comprises a 

longitudinal axis, and said channels extending bore having a third longitudinal axis extending through 

longitudinally between said second end of said said second portion, said third longitudinal axis being 

first portion and said second end of said middle 40 located in the plane containing said first longitudinal 

portion, said channels being separated by longi- axis and a diameter of both of said barbs measured along 

tudinal walls extending radially of said longitudi- said second end of said first portion, 

nal axis to an outer surface located on an axial 7. The apparatus of claim 6 wherein said attachment 

projection of the periphery of said first maximum means further includes a cord-like connecting element 

transverse cross-section, 45 threaded through said bore of said attachment means so 

said middle portion defining at least two axial as to securely engage said attachment means and pro- 
grooves extending from said second end of said vide at least one free end for attachment to said object, 
middle portion towards said first end of said 8. The apparatus of claim 2 wherein said insertion 
middle portion; tool is made of stainless steel. 

one of said barbs extending axially and radially 50 9. The apparatus of claim 2 wherein there are three 

outwardly from said second end of said first barbs and three channels. 

portion adjacent the base of each said channel to 10. The apparatus of claim 2 wherein said anchor 
an outer end located radially outwardly of said assembly is made of titanium alloys, 
axial projection of said maximum transverse 11. The apparatus of claim 2 wherein all of said cross- 
cross-section of said first portion, each said barb 55 sections are substantially circular, 
being curved in its normal unrestrained state but 12. The apparatus of claim 2 wherein a handle is 
capable of being elastically deformed into a sub- attached to said proximal end of said shaft 
stantially straight configuration with its outer 13. The apparatus of claim 12 wherein said handle 
end located radially within said axial projection includes means for determining the spatial orientation of 
of said first maximum transverse cross-section of 60 said barbs in said workpiece. 

said first portion; and 14. The apparatus of claim 2 wherein said means for 
attachment means associated with said second por- forming a hole in said workpiece comprises a drill, 
tion for connecting an object to said anchor 15. The apparatus of claim 14 wherein said drill corn- 
assembly; and prises a cylindrical shaft having a proximal end adapted 
c) an insertion tool for deploying said anchor assem- 65 for engagement with drill drive means, and a distal end 
bly in said hole in said workpiece, said tool com- including at least two cutting surfaces adapted to form 
prising an elongate shaft having an exterior surface, a first substantially conical wall at the bottom of said 
a second longitudinal axis, a proximal end, a distal hole, and wherein said first end of said first portion of 
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said anchor assembly defines a substantially conical wall 
adapted to mate with the first conical wall at the bottom 
of said hole. 

16. The apparatus of claim 2 wherein: 

there are two barbs; 5 
said attachment means comprises a bore extending 
through said second portion of said anchor assem- 
bly and a cord-like connecting member threadingly 
engaging said bore, said bore having an axis located 
in a plane containing said first longitudinal axis and 10 
a diameter of each of said barbs measured on said 
second end of said first portion of said anchor as- 
sembly; and 

said shaft further includes at least one channel in said 
exterior surface, said channel having a cross-sec- 15 
tion sized to contain the cross-section of said cord- 
like member, and extending proximally substan- 
tially parallel to said second longitudinal axis from ' 
the base of said bore in said distal end of said shaft 
a predetermined distance at least as great as the 
intended depth of insertion of said second portion 
of said body into said hole, whereby said cord -like 
connecting member may be contained within the 
cross-section of said shaft to reduce the required 
cross-section of said hole. 

17. The apparatus of claim 16 wherein said bore is 
formed in said second portion so as to provide a 
smoothly contoured suture-bearing surface in said sec- 
ond portion, about which said suture can be slid after 3Q 
said anchor assembly has been deployed in bone. 

18. A method of attaching an object to a workpiece 
comprising: 

(a) providing: 

(1) means for forming a hole in said workpiece; 35 

(2) an anchor assembly comprising a body and at 
least two barbs; 

said body having a longitudinal axis, a first por- 
tion having a first end and a second end and a 
first maximum cross-section transverse to said 40 
longitudinal axis, a second portion centered on 
said longitudinal axis having a first end and a 
second end and a second cross-section trans- 
verse to said longitudinal axis smaller than said 
maximum transverse cross-section of said first 45 
portion, and a middle portion having a first 
end and a second end, said second end of said 
first portion being joined to said first end of 
said middle portion, and said first end of said 
second portion being joined to said second end 50 
of said middle portion, 

said middle portion defining at least two equal] y- 
circumferentially-spaced channels extending 
inwardly from an axial projection of the pe- 
riphery of said first maximum transverse cross- 55 
section of said first portion to a base adjacent 
said longitudinal axis, and said channels ex- 
tending longitudinally between said second 
end of said first portion and said second end of 
said middle portion, said channels being sepa- 60 
rated by longitudinal walls extending radially 
of said longitudinal axis to an outer surface 
located on an axial projection of the periphery 
of said first maximum transverse cross-section, 

said middle portion defining at least two axial 65 
grooves extending from said second end of 
said middle portion towards said first end of 
said middle portion; 


one of said barbs extending axially and radially 
outwardly from said second end of said first 
portion adjacent the base of each said channel 
to an outer end located radially outwardly of 
said axial projection of said first maximum 
transverse cross-section of said first portion, 
each said barb being curved in its normal unre- 
strained state but capable of being elastically 
deformed into a substantially straight configu- 
ration with its outer end located radially 
within said axial projection of said first maxi- 
mum transverse cross-section of said first por- 
tion; and 

attachment means associated with said second 
portion for connecting an object to said an- 
chor assembly; and 
(3) an insertion tool for deploying said anchor as- 
sembly in said hole in said workpiece, said tool 
comprising an elongate shaft having an exterior 
surface, a second longitudinal axis, a proximal 
end, a distal end, a cross-section transverse to 
said second longitudinal axis substantially the 
same as said first maximum cross-section of said 
first portion of said anchor assembly, a bore 
having a cross-section transverse to said second 
longitudinal axis substantially the same as said 
second cross-section of said second portion of 
said anchor assembly and extending centrally 
into said distal end of said shaft, said bore being 
adapted to slidably receive said second portion 
of said anchor assembly and defining at least two 
equally-circumferentially-spaced slots extending 
between said bore and the exterior surface of said 
shaft, and at least two projections, each projec- 
tion having substantially the same cross-section 
transverse to said second longitudinal axis as said 
cross-sections transverse to said first longitudinal 
axis of said grooves formed in said middle por- 
tion of said anchor assembly so as to be slidably 
receivable in one of said grooves; 

(b) forming a hole in said workpiece with said drill; 

(c) aligning said anchor assembly with said installa- 
tion tool so that said first longitudinal axis is 
aligned with said second longitudinal axis, and 
aligning said projections of said insertion tool with 
said grooves of said anchor assembly; 

(d) slidably engaging said second portion of said an- 
chor assembly with said bore in said distal end of 
said shaft, and said projections of said insertion tool 
with said grooves of said anchor assembly; 

(e) inserting said first portion of said anchor assembly 
into said hole; 

(0 exerting a pushing force upon said shaft axially so 
as to urge said anchor assembly into said hole such 
that said barbs deform axially into said channels, 
and such that said anchor assembly travels to a 
selected depth within said hole; 

(g) withdrawing said tool from said hole by exerting 
an axial withdrawing force on said shaft; and 

(h) attaching said object to said attachment means. 

19. The method of claim 18 wherein step (b) occurs at 
any point prior to step (e). 

20. The method of claim 18 wherein said attachment 
means comprises a bore extending transversely relative 
to said first longitudinal axis through said second por- 
tion of said anchor assembly, and further including the 
step of threading one end of a cord-like member 
through said bore prior to step (e) such that said cord- 
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like member is securely attached to said second portion 
and at least one end of said cord-like member extends 
out of said hole after step (f). 

21. A method for anchoring a suture within a hole 
formed in a bone, said method comprising: 5 

(a) providing: 

(1) a piece of suture having two ends; 

(2) an anchor assembly comprising a body and at 
least two barbs; 

said body having a longitudinal axis, a first por- 10 
tion having a first end and a second end and a 
first maximum cross-section transverse to said 
longitudinal axis, a second portion centered on 
said longitudinal axis having a first end and a 
second end and a second cross-section trans- 15 
verse to said longitudinal axis smaller than said 
maximum transverse cross-section of said first 
portion, and a middle portion having a first 
end and a second end, said second end of said 
first portion being joined to said first end of 20 
said middle portion, and said first end of said 
second portion being joined to said second end 
of said middle portion, 

said middle portion defining at least two equally- 
circumferentially-spaced channels extending 25 
inwardly from an axial projection of the pe- 
riphery of said first maximum transverse cross- 
section of said first portion to a base adjacent 
said longitudinal axis, and said channels ex- 
tending longitudinally between said second 30 
end of said first portion and said second end of 
said middle portion, said channels being sepa- 
rated by longitudinal walls extending radially 
of said longitudinal axis to an outer surface 
located on an axial projection of the periphery 35 
of said first maximum transverse cross-section, 

said middle portion defining at least two axial 
grooves extending from said second end of 
said middle portion towards said first end of 
said middle portion; 40 

one of said barbs extending axially and radially 
outwardly from said second end of said first 
portion adjacent the base of each said channel 
to an outer end located radially outwardly of 
said axial projection of said first maximum 45 
transverse cross-section of said first portion, 
each said barb being curved in its normal unre- 
strained state but capable of being elastically 
deformed into a substantially straight configu- 
ration with its outer end located radially 50 
within said axial projection of said first maxi- 
mum transverse cross-section of said first por- 
tion; and 

attachment means comprising a bore extending 
transversely through said second portion; and 55 

(3) an insertion tool for deploying said anchor as- 
sembly in said hole in said workpiece, said tool 
comprising an elongate shaft having an exterior 
surface, a second longitudinal axis, a proximal 
end, a distal end, a cross-section transverse to 60 
said second longitudinal axis substantially the 
same as said first maximum transverse cross-sec- 
tion of said first portion of said anchor assembly, 

a bore having a cross-section transverse to said 
second longitudinal axis substantially the same as 65 
said second cross-section of said second portion 
of said anchor assembly and extending centrally 
into said distal end of said shaft, said bore being 
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adapted to slidably receive said second portion 
of said anchor assembly and defining at least two 
equally-circumferentially-spaced slots extending 
between said bore and said exterior surface of 
said shaft, and at least two projections, each 
projection having substantially the same cross- 
section transverse to said second longitudinal 
axis as said cross-sections transverse to said first 
longitudinal axis of said grooves formed in said 
middle portion of said anchor assembly so as to 
be slidably receivable in one of said grooves; 

(b) threading one end of said suture through said bore 
in said second end of said anchor assembly; 

(c) aligning said anchor assembly with said installa- 
tion tool so that said first longitudinal axis is 
aligned with said second longitudinal axis, and 
aligning said projections of said insertion tool with 
said grooves of said anchor assembly; 

(d) slidably engaging said second portion . of said an- 
chor assembly with said bore in said distal end of 
said shaft, and said projections of said installation 
tool with said grooves of said anchor assembly; 

(e) inserting said first portion of said anchor assembly 
into said hole; 

(f) exerting a pushing force upon said shaft axially so 
as to urge said anchor assembly into said hole such 
that said barbs deform axially into said channels, 
such that said anchor assembly travels to a selected 
depth within said hole, and such that at least one 
end of said suture extends from said second portion 
of said anchor assembly out of said hole; and 

(g) withdrawing said tool from said hole by exerting 
an axial withdrawing force on said shaft. 

22. Apparatus for attaching an object to a workpiece, 
comprising: 

an anchor comprising a body, at least two barbs and 
attachment means for connecting said object to 
said anchor assembly; 

said body having an exterior surface, a longitudinal 
axis, and a maximum cross-section transverse to 
said longitudinal axis, and comprising a first por- 
tion centered on said longitudinal axis having a 
distal end and a proximal end, and a second portion 
centered on said longitudinal axis having a distal 
end and a proximal end, said proximal end of said 
first portion being joined to said distal end of said 
second portion; 

said second portion defining at least two equally-cir- 
cumferentially-spaced channels, each said channel 
extending inwardly from said exterior surface of 
said body to a base located substantially adjacent to 
said longitudinal axis, and also extending longitudi- 
nally from said proximal end of said first portion 
toward said proximal end of said second portion; 
and 

one of said barbs extending axially and radially out- 
wardly from said proximal end of said first portion 
adjacent the base of each said channel to an outer 
end located radially outwardly of an axial projec- 
tion of said maximum transverse cross-section of 
said body, each said barb being curved in its normal 
unrestrained state but capable of being elastically 
deformed into a substantially straight configuration 
so as to be disposed at least partially within the 
channel associated therewith, such that said outer 
end of said barb is located substantially radially 
within said axial projection of said maximum trans- 
verse cross-section of said body. 
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23. The apparatus of claim 22 wherein said barbs are 
made of nickel titanium alloy. 

24. The apparatus of claim 22 wherein said first por- 
tion of said body defines at least two bores extending 
longitudinally from said proximal end of said first por- 5 
tion towards said distal end of said first portion, with 
one bore adjacent the base of each said channel, and 
wherein each of said barbs is a piece of wire having a 
first end and a second end, said first end of each said 
wire fixedly engaging one of said bores in said first 10 
portion. 

25. The apparatus of claim 24 wherein the combined 
longitudinal length of said first portion of said body and 
said second portion of said body measured parallel to 
said longitudinal axis is substantially the same as the 15 
length of each of said pieces of wire when said pieces of 
wire arc deformed into their substantially straight con- 
figuration. 

26. The apparatus of claim 22 wherein said attach- 
ment means comprises a bore extending through said 20 
body substantially adjacent said proximal end of said 
second portion of said body and substantially trans- 
versely to said longitudinal axis. 

27. The apparatus of claim 22 wherein said body 
further comprises a third portion centered on said longi- 25 
tudinal axis having a distal end, a proximal end and a 
cross-section transverse to said longitudinal axis smaller 
that said maximum cross-section transverse to said lon- 
gitudinal axis of said body, said distal end of said third 
portion being joined to said proximal end of said second 30 
portion. 

28. The apparatus of claim 22 wherein the exterior 
surface of said body tapers toward said longitudinal axis 
as it extends toward said distal end of said first portion. 

29. A system for attaching an object to a workpiece, 35 
comprising: 

(a) an anchor assembly comprising a body, at least 

two barbs and attachment means for connecting 

said object to said anchor assembly; 

said body having an exterior surface, a longitudinal 40 
axis, and a maximum cross-section transverse to 
said longitudinal axis, and comprising a first por- 
tion centered on said longitudinal axis having a 
distal end and a proximal end, and a proximal 
portion centered on said longitudinal axis having 45 
a distal end and a proximal end, said proximal 
end of said first portion being joined to said distal 
end of said said second portion; 

said second portion defined at least two equally- 
circumferentially-spaced channels, each said 50 
channel extending inwardly from said exterior 
surface of said body to a base located substan- 
tially adjacent to said longitudinal axis, and also 
extending longitudinally from said proximal end 
of said first portion toward said proximal end of 55 
said second portion; and 

one of said barbs extending axially and radially 
outwardly from said proximal end of said first 
portion adjacent the base of each said channel to 
an outer end located radially outwardly of an 60 
axial projection of said maximum transverse 
cross-section of said body, each said barb being 
curved in its normal unrestrained state but capa- 
ble of being elastically deformed into a substan- 
tially straight configuration so as to be disposed 65 
at least partially within the channel associated 
therewith, such that outer end of said barb is 
located substantially radially within said axial 
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projection of said maximum transverse cross-sec- 
tion of said body; and 
(b) an insertion tool for deploying said anchor assem- 
bly in a hole in said workpiece, said insertion tool 
comprising an elongate shaft having a longitudinal 
axis, a distal end and a proximal end, said distal end 
including engagement . means adapted to engage 
said body. 

30. A method for attaching an object to a workpiece, 
comprising: 
providing: 

(a) (1) means for forming a hole in said workpiece; 

(2) an anchor assembly comprising a body, at least 
tow barbs and attachment mean for connecting 
said object to said anchor assembly; 

said body having an exterior surface, a longitudinal 
axis, and a maximum cross-section transverse to 
said longitudinal axis, and comprising a first por- 
tion centered on said longitudinal axis having a 
distal end and a proximal end, and a second por- 
tion centered on said longitudinal axis having a 
distal end and a proximal end, said proximal end 
of said first portion being joined to said distal end 
of said said second portion; 

said second portion defining at least two equally- 
circumferentially-spaced channels, each said 
channel extending inwardly from said exterior 
surface of said body to a base located substan- 
tially adjacent to said longitudinal axis, and also 
extending longitudinally from said proximal end 
of said first portion toward said proximal end of 
said second portion; and 

one of said barbs extending axially and radially 
outwardly from said proximal end of said first 
portion adjacent the base of each said channel to 
an outer end located radially outwardly of an 
axial projection of said maximum transverse 
cross-section of said body, each said barb being 
curved in its normal unrestrained state but capa- 
ble of being elastically deformed into a substan- 
tially straight configuration so as to be disposed 
at least partially within the channel associated 
therewith, such that said outer end of said barb is 
located substantially radially within said axial 
projection of said maximum transverse cross-sec- 
tion of said body; and 

(3) an insertion tool for deploying said anchor as- 
sembly in a hole in said workpiece, said insertion 
tool comprising an elongates haft having a longi- 
tudinal axis, a distal end and a proximal end, said 
distal end including engagement means adapted 
to engage said body; and 

aligning said anchor assembly with said installation 
tool so that the anchor assembly's longitudinal 
axis is aligned with the tool's longitudinal axis, 
and engaging said anchor with said insertion tool 
engagement means; and 
forming a hole in said workpiece with said hole form- 
ing means; 

(b) inserting said first portion of said anchor assembly 
into said hole; 

(c) exerting an axially directed pushing force upon 
said shaft of said insertion tool so as to urge said 
anchor assembly into said hole such that said barbs 
deform into said channels, and such that said an- 
chor assembly travels to a selected depth within 
said hole; 
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(d) withdrawing said insertion tool from said hole by 
exerting an axially directed withdrawing force on 
said shaft; and 

(e) attaching said object to said attachment means. 

31. The method of claim 30 wherein said barbs are 5 
made of nickel titanium alloy. 

32. The method of claim 30 wherein said attachment 
means comprises a body extending through said body of 
said anchor assembly transverse to its longitudinal axis, 
and further including the step of threading one end of a 10 
cord-like member through said bore prior to step (b) 
such that said cord-like member is securely attached to 
said body and at least one end of said cord-like member 
extends out of said hole after step (c). 

33. The apparatus of claim 32 wherein said bore of 15 
said attachment means is formed so as to provide a 
smoothly contoured bearing surface about which said 
cord-like member can be slid after said anchor assembly 
has been deployed in said workpiece. 

34. Apparatus for attaching an object to a surface of 20 
said workpiece having a hole formed therein, said appa- 
ratus comprising: 

an anchor comprising a body, at least two barbs and 
attachment means for attaching said object to said 
anchor; 25 

said body having a longitudinal axis, a distal end, a 
proximal end, an exterior surface, and a maximum 
cross-section transverse to said longitudinal axis no 
greater than the transverse cross-section of said 
hole; 30 

at least two equally-circumferentially-spaced longitu- 
dinal channels, each said channel extending radi- 
ally into said body from said exterior surface, and 
having a distal end disposed toward said distal end 
of said body and a proximal end disposed toward 35 
said proximal end of said body; 

one of said barbs extending axially and radially out- 
wardly from said distal end of each said channel to 
an outer end located radially outwardly of an axial 
projection of said maximum transverse outwardly 40 
of an axial projection of said maximum transverse 
cross-section of said body, each said barb being 
curved in its normal unrestrained state but capable 


of being elastically deformed into a substantially 
straight configuration so as to be disposed at least 
partially within the channel associated therewith, 
such that said outer end of said barb is located 
substantially radially within said axial projection of 
said maximum transverse cross-section of said 
body. 

35. Apparatus for attaching an object to a workpiece 
of the sort having a hole formed therein, said apparatus 
comprising: 

an anchor comprising a body, at least two barbs and 
attachment means for attaching said object to said 
anchor; 

said body having a longitudinal axis, a distal end, a 
proximal end, an exterior surface, and a maximum 
cross-section transverse to said longitudinal axis no 
greater than the transverse cross-section of said 
hole in said workpiece; 

at least two equally-circumferentially-spaced longitu- 
dinal channels, each said channel extending radi- 
ally into said body from said exterior surface, and 
having a distal end disposed toward said distal end 
of said body and a proximal end disposed toward 
said proximal end of said body; 

one of said barbs being rigidly attached to said body; 
adjacent said distal end of each said channel and 
being adapted so as to normally extend axially and 
radially outwardly from said distal end of each said 
channel to an outer end located radially outwardly 
of an axial projection of said maximum transverse 
cross-section of said body, with each said barb 
being capable of being elastically deformed so as to 
be disposed at least partially within the channel 
associated therewith, such that said outer end of 
said barb is located substantially radially within 
said axial projection of said maximum transverse 
cross-section of said body. 

36. Apparatus according to claim 35 wherein said 
barbs are formed out of nickel titanium alloy. 

37. Apparatus according to claim 35 wherein said 
attachment means comprises a bore extending through 
said body transversely to said longitudinal axis. 
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